Introduction
Short-and long-term outcomes of preterm infants have been extensively studied in the last decades. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] However, few studies have examined long-term outcomes of current cohorts of term infants who require neonatal intensive care unit (NICU). 14, 15 Such studies showed that term NICU graduates have ongoing health concerns at preschool and school age. The majority of studies of term infants admitted in NICUs were carried out more than 10 years ago. [16] [17] [18] [19] During this time new technologies have become available, which may have changed health outcomes. In addition, most studies of full-term NICU graduates have focused on the outcome of specific disease entities such as asphyxia, sepsis, persistent pulmonary hypertension or congenital anomalies. [20] [21] [22] [23] [24] [25] [26] These studies have concentrated on specific physical or psychosocial outcomes rather than providing a comprehensive assessment of the overall burden of morbidity after NICU admission. However, a number of multidimensional questionnaires developed to measure child health comprehensively can now be used to assess outcomes of NICU graduates. [27] [28] [29] Only a few measures are appropriate for preschool-aged children. [30] [31] [32] [33] Such instruments use parents as proxy respondents and three have been tested for validity and reliability in NICU populations. 30, 31, 33 Although a number of NICU follow-up studies have included comprehensive measures of health-related quality of life (HRQL) or health status (HS) to assess health outcomes, 14, [34] [35] [36] [37] most have focused on extremely premature populations, with only one study describing outcomes of NICU survivors born at term.
14 Term infants represent a significant proportion of NICU admissions but generally they are not seen in neonatal follow-up programs which focus mostly on extremely premature infants and on those who experienced major morbidities during the NICU admission. Therefore, little information is available regarding HS of current cohorts of NICU graduates born at term.
In order to better understand the HS of a population of NICU survivors born at term, we examined the results of a population-based study of NICU graduates in BC, Canada. A previous paper has described the findings for HS and HRQL at 42 months of age for all NICU survivors born in BC in 1996/1997 in comparison to a control group of healthy term infants. 38 In this paper, we look in more detail at the term NICU survivor group, focusing on ICD-9 diagnoses codes and interventions during NICU admission, health service utilization during the first year of life and HS at preschool age. The purpose of this study was to provide information on perinatal characteristics and caregiver-reported HS of preschoolers who were born at X38 gestational age (GA), and to compare this group of children with a group of healthy full-term infants. We hypothesize that term NICU survivors continue to experience significant rates of morbidity at preschool age in comparison to healthy full-term infants.
Methods
Only a summary of sampling and data collection procedures is provided here, as a more complete description has been presented previously. 38 Our study was a retrospective cross-sectional survey. The NICU sample of children included 721 infants born X38 weeks admitted for >24 h to one of three level 3 NICUs in BC, Canada, during a 16-month period (March 1996 to June 1997). These three hospitals (Children's and Women's Health Centre of British Columbia, Royal Columbian Hospital and Victoria General Hospital) provided 100% of the tertiary care NICU beds in the province. During the study period, a total of 2221 infants were admitted to the three level 3 NICUs, 721 were born at X38 weeks and 1500 infants were born at <38 weeks.
A comparison group of 718 healthy full-term infants were identified from the two hospital-based primary care units located at Children's and Women's Health Centre of British Columbia and the Royal Columbian Hospital. Victoria General Hospital did not have a primary care unit. Multiple births, infants with a sibling in the NICU sample and infants who were subsequently admitted to a NICU for >24 h were excluded from the comparison group.
From both groups, the following families were excluded: those who were unable to complete the questionnaire because of language barriers, those for whom we discovered that the child or the mother had died and those who completed the questionnaire on the wrong child.
Ethical approval was gained from the University of British Columbia and participating hospitals.
Recruitment and data collection A questionnaire booklet was sent to each mother as her child turned 42 months of age. A consent letter was included to obtain permission to link the questionnaire data with hospital birth records. We asked the caregiver, who spends most of the time with the child completes our questionnaire. All nonrespondents were followed up with a reminder letter and up to two more copies of the questionnaire. Remaining nonrespondents received a telephone call, and when the telephone number was not in service or was reassigned or a questionnaire was returned to us from the post office, we searched the Internet telephone directories and contacted the mothers' primary care physician for a new address.
For all families that provided consent, hospital birth record data were obtained from the Canadian Neonatal Network Database, 39 which is a bedside data collection system throughout NICU admission. Patient information includes demographic information, antenatal history, mode of delivery, problems at delivery, status of infant and problems at birth, illness severity (Score for Neonatal Acute Physiology (SNAP), Score for Neonatal Acute PhysiologyVersion II (SNAP-II)), 40 therapeutic intensity (Neonatal Therapeutic Intensity Scoring System (NTISS)), 41 selected NICU practices and procedures, use of technology and resources, and selected patient outcomes. Patients are tracked until death or until they are discharged home.
Therapeutic intensity was measured in the first 24 h of admission using the NTISS, a continuous variable calculated from a checklist of 63 NICU therapies used in a 24-h period, weighted according to invasiveness and cost. 41 For all families that provided consent, health resource utilization data were obtained from the British Columbia Linked Health Database (BCLHD), 42 which is an administrative database comprised of core data on health services utilization and vital events for the residents of BC. Individual-level data on health-care service use are collected by the BC Ministries of Health and other agencies for administrative purposes. Data have been archived back to 1985, and made linkable and accessible to researchers under carefully developed terms that protect the individual's privacy.
ICD-9 codes were obtained from the hospitals discharge records after the first hospitalization (as apart of BCLHD). Diagnosis were categorized using the scheme of Becerra et al. 43 We also grouped patients based on the presence of any congenital anomalies (ICD-9 codes 740.0 to 759.9), as well as the presence of cardiovascular (ICD-9 codes 745.0 to 751.9), respiratory (ICD-9 codes 738.0 to 748.9), central nervous system (740.0 to 742.9), gastrointestinal (750.0 to 751.9), genitourinary (752.0 to 753.0), musculoskeletal anomalies (754.0 to 756.9) and chromosomal (758.0 to 758.9).
Further, we measured health resource utilization in the first year of life using number of physician visits including general practitioners, pediatricians and other physician specialists.
Health status measure
The questionnaire booklet included the following instrument: Health Status Classification System Preschool Version (HSCS-PS). 30 This 14-item HS instrument assesses the following health attributes: seeing, hearing, speaking, getting around, using hands and fingers, taking care of oneself, feelings, learning and remembering, thinking and solving problems, pain and discomfort, general health and behavior. We grouped the health items in four categories: neurosensory (seeing and hearing), motor (motor and self-care), learning/remembering (speaking and learning) and quality of life (feelings, pain, health and behavior). For each category, we recorded the data into the following: no problem (scoring 0 on any attribute); a mild problem (scoring 1 on a scale of 0 to 3, or 1 to 2 on a scale of 0 to 5 for any attribute) or a moderate or severe problem (scoring >1 on a scale of 0 to 3, or >2 on a scale of 0 to 5 for any attribute).
We also included a number of questions to collect sociodemographic information including maternal age, maternal level of education and household income.
Data analysis
Aggregate hospital birth record data (stripped of identifiers) were obtained for those respondents who could not be located to investigate nonresponse bias. Bivariate analysis was used to explore whether response to the survey (yes or no) was associated with sample characteristics (GA; small for GA; Apgar score <7 at 5 min; congenital anomalies; gender; multiple birth; cesarean section (c-section) and outborn status, that is, born at hospital other than the hospital in which the NICU was located) and the following outcomes: (1) NTISS and (2) SNAP-II (a continuous measure of neonatal illness severity, calculated from six empirically weighted physiologic measurements made during the first 12 h of admission to the NICU.
Questionnaire data
We performed a descriptive analysis to compare the X38 week group to the comparison group (healthy born children) at 42 weeks follow-up. The outcome was measured using the four HSCS-PS domain categories. The w 2 -test was used to assess differences between NICU and healthy children for each domain.
Further, perinatal risk factors in the NICU group (Table 2) were examined in their relationship to the HS outcomes. NICU stay was categorized as <5 vs 5 þ days. ICD-9 codes defined main categories such as respiratory conditions including birth asphyxia, congenital anomalies, and other conditions originated in the perinatal periods, maternal education, smoking status (any current cigarettes smoking) and family income were also included in the analysis. Those characteristics that were significantly related with the outcome in bivariate analysis at P ¼ 0.1 level were entered into the regression analysis.
Health services utilization was expressed as mean, median and interquartile range of number of visits to general practitioner, pediatrician and other physician specialist. For healthy infants, visits were calculated during the first year of life. Period of 1 year after hospital discharge was used for NICU children, since some had spent a long time at NICU and therefore their visits to physicians would have been artificially lower in the first year of life. Numbers of visits were compared between NICU born and healthy children groups using nonparametric Wilcoxon's test.
All statistical analyses were conducted with SPSS for Window XP and SAS (Cary Inc., USA).
Results
Questionnaires and consent forms were mailed to 721 NICU families and 718 healthy infant families. We excluded from the sample 340 babies (199 NICU; 141 healthy children), who did not meet our inclusion criteria for the following reasons: parent did not speak English (n ¼ 31 NICU, 14 healthy); baby died (n ¼ 11 NICU, 3 healthy); mother died (n ¼ 2 NICU); family moved or could not be traced (n ¼ 154 NICU; 114 healthy) and not applicable (n ¼ 1 NICU, 7 healthy). In addition, we excluded cases where the questionnaire was completed on the wrong child (n ¼ 3 healthy). The response rate (after exclusions) was 358 out of 522 term NICU graduates (68.6%) and 393 out of 577 healthy infants (68%). Out of 522 term NICU graduates, 261 (50%) provided consent to link the questionnaire data with the CNN database. A total of 250 babies provided consent to add health services utilization data for additional analyses.
Our NICU sample included two more cases as compared to the Klassen et al. 38 paper because we focused on all term infants that provided information on HSCS-PS outcomes at 42 months of age. Their study looked at three HRQL instruments, 159 questionnaires on NICU term infants provided full information on these instruments.
The majority of the questionnaires were filled in by mothers (96.9%).
Nonrespondents
Nonresponders in the NICU group were analyzed. Nonrespondent NICU babies were less likely to be outborn (17.6 vs 25.7%, P-value ¼ 0.012, w 2 ), had a lower Apgar score at 5 min (10.4 vs 14.9%, P-value ¼ 0.076, w 2 ), had a lower birth weight (mean 3336 vs 3459 g, P-value ¼ 0.01, t-test), had a shorter NICU stay (median 4 vs 5, P-value ¼ 0.039, Wilcoxon's test) and had a lower NTISS score (median ¼ 7 for both groups, P<0.001, Wilcoxon's test).
Sample characteristics
The demographic descriptors for each group are summarized in Table 1 . There were no statistically significant differences in proportion of female respondents, biological parents, smoking status, income and education levels between both groups. Table 2 describes perinatal characteristics of NICU term babies. Infants admitted in NICU were mostly male, born by vaginal delivery and inborn. Healthy term infants' mean birth weight was 3470 g s.d. (460 g); mean GA was 39.4 weeks s.d. (1.25) . In total 51% of healthy infants were males in comparison to 60% of infants in the Outcomes of NICU graduates born at term V Schiariti et al NICU group (P-value <0.05). There were no statistically significant differences in birth weight and GA between groups.
ICD-9 diagnosis among term infants admitted in NICU As shown in Table 3 , respiratory conditions, congenital anomalies, birth asphyxia and other conditions originating in the perinatal periods such as growth retardation and convulsions were prominent among discharge diagnoses.
NICU interventions
Active NICU therapy in the first 24 h of admission was provided for 259 of the 261 infants. Respiratory support was the most frequent type of intervention, but a wide range of therapies was administered. Table 4 shows a listing of NTISS items administered in the first day of NICU admission. Total NTISS scores ranged from 1 to 45 with a median of 7 (interquartile range 4). Consistent with relatively low use of intensive interventions was the low severity admission scores. SNAP scores ranged from 0 to 66 with a median of 0 (interquartile range 7).
Health resource utilization in the first year of life On average, NICU graduates were seen four times more often by pediatricians than healthy infants; median number of visits 2 (quartile range ¼ 6) vs 0 (quartile range ¼ 1), respectively, P-value <0.001. Similarly, number of visits to general practitioners was higher for NICU group, median number of visits was nine for NICU (quartile range ¼ 8) vs seven for healthy group (quartile range ¼ 6), P-value ¼ 0.002. Other physician specialists median number of visits was 1 (quartile range ¼ 3) vs 0 (quartile range ¼ 1), respectively, P-value <0.001.
Health status
On the HSCS-PS, caregivers of term NICU graduate group reported more heath problems in their children for neurosensory, motor and learning/remembering. Table 5 shows the distribution of HS problems by the severity for each domain comparing the NICU and healthy sample. These results show that the term NICU group had a higher proportion of children with moderate and severe problems as compared with the healthy infant group. When we compared percentage of moderate/severe problems by category, caregivers of term NICU group reported higher proportion of children with health problems in all categories except quality of life. The larger proportion of problems was in learning/remembering and motor areas (12 vs 3%; 10 vs 1%, respectively, P-value <0.001). When we looked at HSCS-PS problems by ICD-9 discharge diagnoses, as expected, we found that caregivers of children with a diagnosis of birth asphyxia and congenital anomalies reported more health problems as compared to the healthy group. For birth asphyxia, differences were statistically significant in the areas of motor and learning/remembering. Interestingly, caregivers of children with a diagnosis of respiratory conditions or other conditions originated in the perinatal period (growth retardation, convulsions, feeding problems and hypoglycemia) also reported higher proportion of health problems at 42 months of age (Table 5 ). For other respiratory conditions, a statistically significant difference was found in the area of neurosensory. Furthermore, we examined NICU perinatal factors and other demographic factors for their association with any moderate/severe problems in all HS attributes. In the bivariate w 2 analysis, factors associated with HS problems were Apgar <7 at 5 min, congenital anomaly, outborn status (transferred to NICU from other hospital), smoking and income (<$50 000). SNAP score and length-of-stay at NICU were also associated with outcome based on nonparametric Wilcoxon's test, as well as gestational based on t-test. These variables were included in the regression model, as their significance level exceeded P ¼ 0.1 (as a criterion for inclusion into the regression model). Factors not associated with the outcome were birth weight (continuous, t-test), SGA (10th percentile), NTISS (continuous, Wilcoxon's test), c-section, maternal hypertension, marital status, maternal education and ICD-9 defined conditions. 
Outcomes of NICU graduates born at term V Schiariti et al
After adjustment in the logistic regression model, any moderate/ severe HS problems were associated with congenital anomalies (odds ratio (OR), 3.2; confidence interval (CI): 1.3 to 7.8); smoking (OR, 2.7, CI: 1.1 to 6.6) and SNAP score (OR, 1.04; CI: 1.0 to 1.1).
The main perinatal characteristic associated with moderate/ severe HS problems was congenital anomalies. Therefore, we also looked at SNAP and NTISS scores in this subgroup. For congenital anomalies (n ¼ 33), SNAP scores ranged from 0 to 44 with a median of 0 (quartile range 5), for others, NTISS scores ranged Outcomes of NICU graduates born at term V Schiariti et al from 1 to 34 with a median of 8 (quartile range 7). There were no statistically significant differences in these scores between infants who presented congenital anomalies and those who did not. SNAP score was associated with moderate/severe HS problems at 42 months of age. Those with HS problems had mean SNAP score 9.7 (median ¼ 0, quartile range ¼ 24), those without problems had mean SNAP scores 4.8 (median ¼ 0, quartile range 5), P-value ¼ 0.038 Wilcoxon's test. Based on logistic regression results, for each increase in SNAP score the odds of severe/moderate problem increased by 4%; for example, babies with a SNAP score of 30 had a 40% higher risk of moderate/severe problems as compared to babies with SNAP score of 20.
Discussion
This is the first large-scale population-based study to examine perinatal characteristics and HS in term NICU graduates. During the study period, term infants represent close to one-third of level 3 NICU admissions in BC. In our population, respiratory conditions, congenital anomalies and birth trauma were the most common discharge diagnosis among NICU admissions. The most common interventions in the first 24 h were supplemental oxygen, intravenous access, antibiotic administration, volume expansion and anticonvulsant administration. In the BC universal health-care plan, term NICU survivors were seen more frequently by pediatricians, general practitioners and other pediatric subspecialists in the first year of life than those in healthy infants. Our hypothesis that term NICU survivors would have lower HS than that in the comparison group was supported for neurosensory, motor functioning and learning/remembering as caregivers of term NICU graduates reported a higher proportion of problems in all HSCS-PS categories with one exception, health problems were mainly reported in the areas of motor and learning/remembering.
Other studies have reported somewhat higher percentage rates (35.4 to 54%) of admission of term infants. [16] [17] [18] [19] In a recent study, Rohininath et al. 44 found that term infants accounted for 54% of NICU admission, a high proportion of admissions were due to social or maternal reasons (16.2%). Different admission criteria which represent different use of neonatal resources could explain different admission rates between NICUs. The decreased proportion of term newborn infants admitted in our study may be due to most well term infants not being admitted for observation or social reasons to level 3 NICUs in BC.
The major determinants of NICU admission among term infants in our study include respiratory conditions (31.8%) where transient tachypnea was the most common one, congenital anomalies (12.6%) in particular cardiac and circulatory anomalies, gastrointestinal anomalies and birth trauma (8%). Term NICU infants received a wide range of interventions during the first 24 h of admission, however, they used relatively low intensive interventions as shown by low mean NTISS score (median ¼ 7).
In our population, term NICU graduates used more outpatient health-care resources during the first year of life in comparison to healthy infants. The high postdischarge resource use may be related to medical reasons (evaluation of acute illness, follow-up of chronic health problem, and so on) and caregiver's concerns after their child was admitted to a NICU. We did not explore reasons cited for these visits. Gray et al. 18 showed that the most frequent reasons for physician visits, in the first 6 months of life, were well visits (46.4%), acute illness (20.1%) and follow-up of ongoing problem (33.5%).
Few studies have previously examined HS outcomes of full-term NICU survivors. Gray et al. 18 examined neonatal hospitalizations, including hospital resource utilization, and 6-month HS of 521 consecutive full-term infants admitted to a single NICU. HS was assessed by telephonic interviews based on questions from the Rand National Health Insurance Study (NHIS). 45 Completed interviews were obtained from 306 families. Results were compared to Outcomes of NICU graduates born at term V Schiariti et al population estimates from the NHIS. The authors found that NICU survivors were considered to be healthy by their parents. However, the sample in Gray's study included a large proportion of full-term infants that never received intensive care therapy during the NICU admission (41%). No information is given on what type of therapy (intervention vs monitoring) was received by those patients whom HS was assessed later on. Therefore, HS results might have differed among those infants who received intensive therapy and those who received intensive monitoring, with overall better HS due to large proportion of infants who were healthier during NICU admission. Theunissen et al. 14 examined HS of NICU graduates at preschool age. The main instrument used was the TNO-AZL Preschool Quality of Life questionnaire, which was completed by the parents. This study included a relatively small hospital-based sample. Three GA groups with a NICU history were selected, <32 weeks (n ¼ 65), 32 to 36 weeks (n ¼ 41), >37 weeks (n ¼ 54) and a reference group from the open population (n ¼ 50). The authors found that term NICU graduates had lower health outcomes as compared to the reference group in the scales for motor functioning, communication, skin, eating disorders, liveliness, anxiety, lungs and positive moods. Our findings are in agreement with Theunissen's study showing that term infants who require NICU admissions have HS implications at preschool age and reinforce our interest in monitoring HS in this population.
Among the NICU sample, term infants who presented congenital anomalies were highly associated with moderate/severe HS problems. Furthermore, congenital anomalies were associated with higher use of intensive interventions in comparison with infants who did not present congenital anomalies; however, differences were not statistically significant. Smoking status and SNAP score were also associated with severity of HS problems. Our findings suggest that with better antenatal and perinatal care, resulting in improved management of high-risk pregnancies and prevention interventions (that is, smoking cessation), we might anticipate that NICU graduates may have better HS outcomes at preschool age.
In addition, caregivers of infants with a NICU discharge diagnosis of respiratory conditions or other conditions originated in the perinatal period reported higher proportion of HS problems than that in the healthy group. For respiratory conditions, differences were statistically significant in the area of neurosensory. Importantly, these infants are not regularly enrolled in neonatal follow-up programs. Further studies with larger sample sizes are warranted.
The high volume of term NICU admissions and the subsequently implications on long-term health outcomes at preschool age makes the care of this population an important area for research efforts.
Our study has some limitations. There may be nonresponse bias due to survey design. However, the response rate was within the range often obtained in a postal survey. 46 A further limitation of postal survey methods may be exclusion of certain ethnic groups due to language barriers. We were able to explore response bias (in the NICU sample). The few differences in birth-related sample characteristics, we found that respondents had sicker babies. Therefore, the differences between NICU and healthy group might be overestimated. Third, our healthy infant sample was not randomly selected from all low-risk births in the province. They were instead composed of a consecutive sample of normal infants who were delivered at two of the study hospitals.
In summary, at 42 months of age, caregivers of term infants admitted in NICU reported significantly more problems and problems of higher severity on the HSCS-PS than the comparison 
